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ORIGINAL ARTICLE
Distinction and relatedness – Taxonomic and genetic studies reveal a
new species group of goatﬁshes (Upeneus; Mullidae)
FRANZ UIBLEIN1,2* & GAVIN GOUWS2
1Institute of Marine Research, Bergen, Norway, and 2South African Institute for Aquatic Biodiversity (SAIAB), Grahamstown,
South Africa
Abstract
Phenotypic and genetic differentiation among goatﬁsh species of the genus Upeneus which had been formerly included in the
so-called ‘vittatus group’ were examined using a comprehensive alpha-taxonomic and barcoding approach. Four of the ﬁve
species of this group, U. indicus, U. suahelicus, U. supravittatus and U. vittatus, occur in the Western Indian Ocean (WIO),
while U. parvus occurs in the Western Atlantic. An updated diagnosis of the WIO species, followed by detailed inter- and
intraspeciﬁc comparison, is provided based on a large set of morphological and colour characters obtained from 134 speci-
mens. The phenotypic comparisons among all ﬁve species and the evidence obtained from barcoding analyses of four species
support the separation of U. parvus and U. vittatus from the other three more similar and closely related species which form
the here newly established suahelicus group. An identiﬁcation key for this species group is provided that should also minimize
possible confusion with U. vittatus and species of the U. stenopsis group, two of which also occur in the WIO. New records for
Madagascar and Saudi Arabia (U. suahelicus), Iran and Pakistan (U. supravittatus) and Sudan (U. vittatus) are reported. Appli-
cation of this integrative approach to other species groups and species of Upeneus and the need to uncover intra- and inter-
speciﬁc distribution patterns and diversity more fully within the suahelicus group are outlined.
Key words: Alpha taxonomy, barcoding, new records, Upeneus suahelicus, Upeneus supravittatus, Western Indian Ocean
Introduction
Taxonomic accounts of species-rich genera often seek
– primarily for practical reasons – to assemble species
groups based on concurring similarity of a few easily
identiﬁablephenotypic characters.While this approach
facilitates within-genus comparisons and the prep-
aration of identiﬁcation keys, it will not necessarily
convey reliable information about phylogenetic
relationships. To investigate if previously established
species groups indeed reﬂect evolutionary relation-
ships, or should be re-assembled or split into other
coherent units, more reﬁned comparative studies that
integrate a large number of phenotypic characters and
genetic information have to be conducted.
The goatﬁsh genusUpeneus currently consists of 37
species (Uiblein & Gledhill 2015; Uiblein & White
2015) for which ﬁve phenotypically distinct species
groups have been identiﬁed in previous taxonomic
accounts (Uiblein & Heemstra 2010; Uiblein &
Causse 2013; Uiblein & Gouws 2014). Accordingly,
the vittatus group, which we focus on here, can be
distinguished from the japonicus, tragula and moluc-
censis groups by the combination of high counts of
pectoral-ﬁn rays, gill-rakers and lateral-line scales,
and several dark oblique bars on both lobes of the
caudal ﬁn (Uiblein & Heemstra 2010). More
recently, the so-called stenopsis group was established,
which differs from the vittatus group in the absence of
body stripes, shallower caudal-peduncle, larger head
and larger eyes (Uiblein & McGrouther 2012;
Uiblein & Causse 2013).
The vittatus group currently consists of ﬁve
species, U. indicus Uiblein & Heemstra, 2010,
U. parvus Poey, 1852, U. suahelicus Uiblein &
Heemstra, 2010, U. supravittatus Uiblein &
Heemstra, 2010 and U. vittatus (Forsskål, 1775).
All these species have at least one yellowish body
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stripe, dark oblique bars on both caudal-ﬁn lobes, a
dark ﬁrst dorsal-ﬁn tip, and comparatively high pec-
toral-ﬁn ray, gill-raker and lateral-line counts. Two
of these species, U. suahelicus and U. supravittatus,
appeared to be particularly similar in the original
account by Uiblein & Heemstra (2010), while the
other three species could be more easily distinguished
by single morphometric characters. These are body
depth at anal-ﬁn origin in U. indicus, barbel length
in U. parvus, or species-speciﬁc colour patterns
(strong size variation among both the lower caudal-
ﬁn lobe bars and their pale interspaces in
U. vittatus). While U. parvus is restricted to the
Western Atlantic Ocean, the other four species
occur in the Western Indian Ocean region (WIO).
Upeneus supravittatus also occurs off E India,
Eastern Indian Ocean (EIO), and U. vittatus is
widely distributed in the Indo-Paciﬁc.
Recently, more study material and photographs of
freshly collected specimens have become available for
more detailed phenotypic comparisons among the
WIO species of the vittatus group, using a large set
of morphological and colour characters. Along with
the alpha-taxonomic studies, a large number of
genetic tissue samples of four vittatus group species
(no genetic samples of U. indicus were available), as
well as from other Upeneus species were analysed to
examine molecular differentiation and genetic
relationships using barcoding (Hebert et al. 2003).
This comprehensive alpha-taxonomic and genetic
approach allows us to (1) establish a new, distinct
species group, the so-called suahelicus group, based
on updated taxonomic diagnoses and comparisons,
and (2) further examine these ﬁndings by genetic
methods. For the species of the suahelicus group an
identiﬁcation key is provided. The beneﬁts and chal-
lenges of jointly applying phenotypically based taxon-
omy and genetic barcoding studies for the proper
distinction of species with rather different degrees
of evolutionary diversiﬁcation are discussed.
Materials and methods
Alpha-taxonomic studies
A total of 136 specimens fromvariousmuseumcollec-
tions were identiﬁed as Upeneus indicus (n = 2),
U. parvus (n = 3), U. suahelicus (n = 49),
U. supravittatus (n = 55) and U. vittatus (n = 27)
using earlier published keys and diagnostic infor-
mation (Uiblein & Heemstra 2010, 2011a; Uiblein
& Causse 2013; Uiblein & Gouws 2014; Uiblein &
Gledhill 2015). For 134 specimens (only photographs
were examined of two U. suahelicus from Madagas-
car), 41 morphometric characters including standard
length (SL) (all in mm, to the nearest second decimal
point), 10meristic characters and several colour char-
acters were compiled, following earlier published
work (e.g. Uiblein & Heemstra 2010, 2011a, 2011b;
Uiblein & Gouws 2014). As in Uiblein & Gouws
(2014), the number of oblique bars on each caudal-
ﬁn lobe was determined and quantitatively studied.
All percentage and ratio values smaller than 10.0
were rounded up to the nearest ﬁrst decimal point,
while larger values were rounded up to the nearest
unit position. Methods for measuring and counting,
as well as descriptions of colour based on preserved
specimens and photographs of fresh ﬁsh, follow
Uiblein & Heemstra (2010).
Particular attention was paid to elaborate the most
important diagnostic characters for distinction among
species in the subsequent comparisons. Species and
population differences were only accepted for overlap-
ping ranges of quantitative characters, if the overlaps
were minor compared with overall within-sample vari-
ation, the means by which the compared samples
clearly differed from each other, and the number of
specimens involved in the overlap was clearly less
than the respective sample size. To differentiate
speciesmorecompletely and sincemanyof theoverlaps
were for single characters, pairwise combinations of
characters were graphically explored and statistical
comparisons of meristic characters were performed
using Chi-square tests for trends (signiﬁcance level of
P ≤ 0.01; GraphPad Prism 5 Software).
For clear identiﬁcation of the new species group
established here, a key was prepared, accounting also
for U. vittatus and the species of the stenopis group
(Uiblein & Causse 2013), two of which occur in the
WIO (U. davidaromi Golani, 2001 and U. mascareinsis
Fourmanoir & Guézé, 1967). Both in the comparisons
and the key, special emphasis was given to the com-
bined use of two or three different character types and
to include diagnostically important information on
colour patterns of both fresh and preserved ﬁsh.
Possible geographic variation was explored by popu-
lation comparisons between the East African coast
(South Africa to Kenya) and the Red Sea for
U. suahelicus, from Pakistan/S Iran, Kerala (W India),
Sri Lanka, and Madras (E India) for U. supravittatus,
and from the WIO proper, the Red Sea, and the EIO
(Thailand to W Indonesia) for U. vittatus. To
account for allometric changes during early ontogeny,
the morphometric and caudal-ﬁn bar data obtained
from a single 72 mm SL U. vittatus from the Red Sea
was treated separately from the comparisons among
all larger specimens (> 75 mm SL).
Institutional abbreviations follow Eschmeyer
(2015). Other abbreviations are: HIFIRE = Fish col-
lection of the Institute of Marine Research, Bergen,
Norway; HT = holotype; LL = lateral-line scales;
PT = paratype(s).
2 F. Uiblein and G. Gouws
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Comparative material examined
Upeneus parvus (n = 3, 110–148 mm SL): Eastern
Central Atlantic: USNM 394942, 2 specimens,
110–119 mm, USA, Gulf of Mexico, Texas, 27°15′
59″N, 96°27′58″W, 100 m; Caribbean, Bahamas:
USNM 395433, 148 mm, 23°04′N, 78°46′W. For
comparative data of the stenopsis group see Uiblein
& Causse (2013) and references therein.
Genetic studies
Taxon and sample selection
Most representatives of Upeneus suahelicus, U. supra-
vittatus and U. vittatus for which tissue samples were
available through the National Fish Collection at the
South African Institute for Aquatic Biodiversity
(SAIAB), Grahamstown, South Africa, were included
in this study. The ‘barcoding’ (Hebert et al. 2003)
fragment of the cytochrome c oxidase subunit I
(COI) gene was sequenced for each of these speci-
mens, as outlined by Uiblein & Gouws (2014). Pub-
lished or publicly available data for these species
were also obtained from the Barcode of Life Data
Systems v3 (BOLD, Boldsystems 2015) and were
included in the analyses. Such data were only included
if (1) the length of the available sequence exceeded
500 nucleotides; (2) information on the sampling
locality of the specimen was speciﬁcally indicated;
(3) a voucher specimen or an e-voucher (photograph)
was indicated; and (4) if the sequences themselves did
not appear to be outliers of the clades formed by the
nominal taxa in a preliminary tree constructed using
all available BOLD data and unpublished BOLD
data in projects managed by the SAIAB and CSIRO
Australia. Data for the three species were also
sourced from SAIAB’s ‘Fishes of the Western Indian
Ocean’ projects on BOLD (all available data for
these species), from CSIRO Australia (selected
sequences of U. vittatus) and the Senckenberg
Natural History Museum, Frankfurt (sequences of
U. suahelicus from the Red Sea). Where possible,
identiﬁcations of representatives of these species for
which existing data were included, were conﬁrmed
by examination of the voucher material or photo-
graphs (see Table I). COI data from selected
representatives of other Upeneus species, Upeneus
guttatus (Day, 1868), U. heemstra Uiblein & Gouws,
2014, U. margarethae Uiblein & Heemstra, 2010,
U. mascareinsis, U. moluccensis (Bleeker, 1855),
U. parvus, U. quadrilineatus Cheng & Wang, 1963,
U. sulphureusCuvier, 1829 andU. tragula Richardson,
1846, were included to contextualize divergences and
relationships among individuals of the three species
above, and to provide a preliminary assessment of
relationships among the major morphological groups
within Upeneus. Such data were obtained from the
sources above. Unfortunately, genetic samples of
U. indicus were not available. Parupeneus barberinus
(Lacepède, 1801) and Mulloidichthys vanicolensis
(Valenciennes, 1831) were used as outgroups in the
preliminary stages of the analysis. All specimens
from which data were produced and the sources of
the mined data are indicated in Table I.
Data analysis
Sequences were aligned using Clustal X (Larkin et al.
2007), using the default parameters. Phylogenetic
analyses were conducted under maximum likelihood
(ML) and unweighted parsimony (UP) frameworks,
using PAUP* 4b10 (Swofford 2002). For the likeli-
hood and parsimony analyses, heuristic tree searches
with TBR (= tree bisection and reconnection)
branch-swapping of starting trees (100 in the case of
ML and 1000 for UP, each obtained using a
random stepwise addition of taxa) were used to ﬁnd
the most likely or parsimonious trees. Prior to the
ML analysis, the most appropriate model of nucleo-
tide substitution was determined for the data set,
using jModelTest 4.1.2 (Darriba et al. 2012). The
Akaike (1974) Information Criterion was used to
evaluate and choose among competing models.
Support for relationships in theUP analysis was deter-
mined by bootstrapping (Felsenstein 1985), using
1000 pseudoreplicates of the data, each with 100
random taxon addition iterations. Support for
relationships under a likelihood framework was deter-
mined by calculating the Bayesian Posterior Prob-
ability (BPP) for each node by Bayesian Inference in
MrBayes 3.1.2 (Ronquist & Huelsenbeck 2003).
Four independent analyses (each starting from a
random tree and employing four MCMC (=
Markov chain Monte Carlo) chains) were run simul-
taneously over 107 generations, with the posterior dis-
tribution sampled every 2000 generations. Themodel
selected above was implemented, but with MrBayes
estimating the model parameters. Default priors
were used. Convergence among the independent
runs was determined by considering the standard
deviation of split frequencies. Tracer 1.5 (Rambaut
&Drummond 2009)was used to determine stationar-
ity and whether sampling of the various parameters
from the posterior distribution was sufﬁcient (i.e.
each with an ESS ≥ 200), as well as to determine
the burn-in length. Post burn-in trees from all four
analyses were combined and summarized as a single
majority-rule consensus tree, with the proportional
retrieval of particular nodes representing the posterior
probabilities for those relationships.
A 95%-credible parsimony network was con-
structed using TCS 1.21 (Clement et al. 2000) to
Distinction and relatedness among Upeneus goatﬁsh species 3
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Table I. Details of the cytochrome c oxidase subunit I (COI) sequences of the 12 species ofUpeneus included in the genetic study. Information provided includes the species assignment in the present
study, the species identity under which the data are accessioned on BOLD and/or GenBank (if different from the identiﬁcation in the present study), the GenBank number and/or the BOLD Process
ID (if available), the collection locality, the accession details of the corresponding voucher specimen, and details on the original reference for the data and/or other signiﬁcant information. SAIAB
accession numbers presented in parentheses refer to lots for which no vouchers are retained, but for which associated images (e-vouchers) and tissue samples have been catalogued.
Species assignment
BOLD/GenBank species
identity
GenBank
no.
BOLD Process
ID Locality
Accession
number Source/comments
Upeneus guttatus (Day, 1846) – KP293728 – Mascarene Plateau SAIAB 84281 This study
KP293729 – SW Indian Ocean,
Mozambique
SAIAB 82007 This study
Upeneus heemstra Uiblein & Gouws,
2014
U. tragula JF4947681 DSFSE787-08 Pomene, Mozambique SAIAB 88453 BOLD (public); U. heemstra
paragenotype
Upeneus sp. 1 KC147808 – Shimoni, Kenya SAIAB 188307-1 Uiblein & Gouws (2014); U. heemstra
paragenotype
Upeneus margarethae Uiblein &
Heemstra, 2010
– KC147802 – Zanzibar, Tanzania SAIAB 87108-1 Uiblein & Gouws (2014)
Upeneus mascareinsis Fourmanoir &
Guézé, 1967
– KC147807 – Off Mozambique SAIAB 819512 GenBank
Upeneus moluccensis (Bleeker, 1855) – – SAIAB810-08 Tanga, Tanzania SAIAB 80433-1 BOLD (SAIAB)
– HQ9727323 SAIAD185-10 Malindi landing site, Zanzibar,
Tanzania
SAIAB 87080-3 BOLD (SAIAB)
Upeneus parvus Poey, 1852 – JQ365612 MFSP1993-11 Santos, São Paulo, Brazil –4 Ribeiro et al. (2012)
– JQ365613 MFSP1955-11 Santos, São Paulo, Brazil LBP119005 Ribeiro et al. (2012)
Upeneus quadrilineatus Cheng &
Wang, 1963
– – BW-A9069 Cilacap, central Java, Indonesia CSIRO H 7469-
02
Uiblein & White (2015)
– – BW-A10089 Tanjung Luar, Lombok,
Indonesia
MZB 22936 CSIRO Australia (ﬁeld number
LM534)
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Table I. Continued.
Species assignment
BOLD/GenBank species
identity
GenBank
no.
BOLD Process
ID Locality
Accession
number Source/comments
Upeneus suahelicus Uiblein &
Heemstra, 2010
U. vittatus –* DSFSG962-13 Vetcher’s Pier, Durban, South
Africa
SAIAB 188947 BOLD (public)
– – KAU11-003 Red Sea, from Jeddah ﬁsh
market
SMF 33642 Alpermann et al. (in prep.)
– – KAU13-663 Jizan, Saudi Arabia SMF 35488 Alpermann et al. (in prep.)
– – SAIAD329-11 Fort Dauphin, Madagascar SAIAB 97929 BOLD (SAIAB)
– – SAIAD429-11 Maputo Bay, Mozambique (SAIAB 199990) BOLD (SAIAB)
– – SAIAD430-11 Maputo Bay, Mozambique (SAIAB 199990) BOLD (SAIAB)
U. vittatus GU804964* DSFSF670-09 Tugela Banks, South Africa SAIAB 188882 BOLD (public)
U. vittatus GU804972* DSFSE952-08 Richards Bay, South Africa SAIAB 88454 BOLD (public)
U. vittatus GU804982* DSFSE937-08 Richards Bay, South Africa SAIAB 88454 BOLD (public)
U. vittatus JF494769* TZMSC327-05 Tugela Banks, South Africa SAIAB 87793 BOLD (public)
U. vittatus JF494770* TZMSC342-05 Tugela Banks, South Africa SAIAB 87793 BOLD (public)
U. vittatus JF494771* TZMSA028-04 Richards Bay, South Africa SAIAB 76122 BOLD (public); U. suahelicus
paragenotype
U. vittatus HM3827743 SAIAB1249-10 Malindi landing site, Zanzibar,
Tanzania
SAIAB 87011-2 BOLD (SAIAB)
U. vittatus HM3827753 SAIAB1251-10 Malindi landing site, Zanzibar,
Tanzania
SAIAB 87011-4 BOLD (SAIAB)
U. vittatus HM3827763 SAIAB1252-10 Malindi landing site, Zanzibar,
Tanzania
SAIAB 87011-5 BOLD (SAIAB)
U. vittatus HM3827773 SAIAB1253-10 Malindi landing site, Zanzibar,
Tanzania
SAIAB 87011-6 BOLD (SAIAB)
– KP293705 – Off Dokodweni, South Africa SAIAB 186414-1 This study
– KP293706 – Off Dododweni, South Africa SAIAB 186414-2 This study
– KP293707 – Off Dokodweni, South Africa SAIAB 186414-3 This study
– KP293708 – Off Dokodweni, South Africa SAIAB 186414-4 This study
– KP293726 – SW Indian Ocean,
Mozambique
SAIAB 82006 This study
Upeneus sulphureus Cuvier, 1829 – – SAIAD331-11 Toliara, Anosy, Madagascar SAIAB 97930 BOLD (SAIAB)
– – SAIAD427-11 Maputo Bay, Mozambique (SAIAB199989) BOLD (SAIAB)
Upeneus supravittatus Uiblein &
Heemstra, 2010
– – SAIAD690-13 Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-1 BOLD (SAIAB)
– – SAIAD691-13 Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-2 BOLD (SAIAB)
– – SAIAD692-13 Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-3 BOLD (SAIAB)
(Continued)
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Table I. Continued.
Species assignment
BOLD/GenBank species
identity
GenBank
no.
BOLD Process
ID Locality
Accession
number Source/comments
U. supravittatus (continued) U. vittatus JX983506* DBFN377-12 Bharuch estuary, Gujarat, India –6 Khedkar et al. (2014)
– KP293709 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-4 This study
– KP293710 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-6 This study
– KP293711 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-7 This study
– KP293712 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-8 This study
– KP293713 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-9 This study
– KP293714 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-
10
This study
– KP293715 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-
11
This study
– KP293716 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-
12
This study
– KP293717 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-
13
This study
– KP293718 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-
14
This study
– KP293719 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-
15
This study
– KP293720 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-
16
This study
– KP293721 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-
17
This study
– KP293722 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-
18
This study
– KP293723 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-
19
This study
– KP293724 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-
20
This study
– KP293725 – Negombo ﬁsh market, Sri
Lanka
SAIAB 187367-
22
This study
– KR057890 – Karachi area, Pakistan SAIAB 2005737 This study
– KR057891 – Karachi area, Pakistan SAIAB 200573-1 This study
(Continued)
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Table I. Continued.
Species assignment
BOLD/GenBank species
identity
GenBank
no.
BOLD Process
ID Locality
Accession
number Source/comments
U. supravittatus (continued) – KR057892 – Karachi area, Pakistan SAIAB 2005737 This study
– KR057893 – Karachi area, Pakistan SAIAB 2005737 This study
– KR057894 – Karachi area, Pakistan SAIAB 2005737 This study
– KR057895 – Karachi area, Pakistan SAIAB 2005737 This study
– KR057896 – Karachi area, Pakistan SAIAB 2005737 This study
– KR057897 – Karachi area, Pakistan SAIAB 2005737 This study
– KR057898 – Karachi area, Pakistan SAIAB 2005737 This study
– KR057899 – Karachi area, Pakistan SAIAB 2005737 This study
Upeneus tragula Richardson, 1846 – EF607611 FSCS209-06 Guangdong, China GD 90810578 Zhang (2011)
– KC147806 – Ha Long, Vietnam HIFIRE F 58 135 Uiblein & Gouws (2014)
Upeneus vittatus (Forsskål, 1775) – – BW-A8826 Tanjung Luar, Lombok,
Indonesia
CSIRO H 7363-
02
CSIRO Australia
– – BW-A10288 Pelabuhanratu, West Java,
Indonesia
CSIRO H 7370-
01
CSIRO Australia
– –– SAIAD380-11 Shimoni, Kenya (SAIAB 196634) BOLD (SAIAB)
– – SAIAD460-11 Off Inhaca Island, Mozambique (SAIAB 200004) BOLD (SAIAB)
– KP293727 – Kariega estuary, South Africa SAIAB 190806-1 This study
*Specimens, for which there are existing data, which were re-identiﬁed through the examination of vouchers and/or photographs; 1This specimen is a paratype of Upeneus heemstra, as per Uiblein &
Gouws (2014), but is still recorded as U. tragula on GenBank and BOLD; 2Note that this specimen was incorrectly attributed to SAIAB 81952 when data were lodged in GenBank previously;
3BOLD provides the GenBank accession numbers of these specimens, but data are not available on GenBank, having been retracted at the time of submission over uncertainty around taxonomic
identiﬁcations which have since been clariﬁed; 4No vouchers were retained or photographs taken of the remaining U. parvus specimens from the study of Ribeiro et al. (2012) (Claudio de Oliveira,
personal communication, 2014); 5Laboratorio de Biologia e Genetica de Peixes, Universidade Estadual Paulista; 6Specimen damaged in transport (Gulab Khedkar, personal communication, 2014),
but photograph available on BOLD; 7Vouchers are retained but individual tissue samples cannot be linked with certainty to individual voucher specimens; 8Marine Biodiversity Collection of the
South China Sea, Chinese Academy of Sciences.
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examine genealogical relationships, which may be
non-bifurcating and reticulate, among those COI
haplotypes present within a number of nominal taxa
(see below).
Sequence divergence within and among the
nominal taxa and clades identiﬁed in the analyses
were calculated and corrected using the Kimura
(1980) two-parameter model to enable comparison
to other barcoding surveys and an earlier genetic
study on Upeneus (see Uiblein & Gouws 2014).
Results
The alpha-taxonomic studies, in agreement with the
currently available genetic information (see above
and below), revealed the existence of a distinct
species group, termed the suahelicus group, consisting
of the three species Upeneus indicus, U. suahelicus and
U. supravittatus. Accordingly, U. vittatus and
U. parvus can be well distinguished and are neither
tightly related to this group nor to each other.
Taxonomy
Genus Upeneus Cuvier, 1829
Key to the species of the suahelicus group
This key aims to properly identify the three species of
the suhaelicus group and distinguish them from the
phenotypically most similar Upeneus vittatus and the
stenopsis species group, of which U. davidaromi and
U. mascareinsis occur in the WIO (see Uiblein &
Heemstra 2010, for species diagnoses and key).
1a. Oblique bars on both lobes of caudal ﬁn at least
partly black or dark brown, frequently
varying in colour intensity, bars or inter-
spaces between them often unequal in
width; oblique bars on upper caudal-ﬁn
lobe not curved; 0 or >2 yellow or pale
brown lateral body stripes in fresh
ﬁsh; body depth at anus 4.1–5.8 in SL;
pectoral-ﬁn length 3.8–4.9 in SL and 1.3–
1.6 in head length; total gill-rakers 25–29
........... 2 (U. vittatus and stenopsis group)
1b. Oblique bars on both lobes of caudal ﬁn pale
brown to brown, mostly uniformly
coloured, pale interspaces between bars
nearly equal in width; oblique bars on
upper caudal-ﬁn lobe curved; 2 narrow
yellow or pale brown lateral mid-body
stripes in fresh ﬁsh; body depth at anus
3.7–4.6 in SL; pectoral-ﬁn length 3.5–4.5
in SL and 1.1–1.4 in head length; total
gill-rakers 26–32 ........ 3 (suahelicus group)
2a. Height of black tip of 1st dorsal ﬁn and width of
largest oblique bar and/or interspace between
distal oblique bars of lower caudal-ﬁn lobe
subequal to or greater than orbit length; 3
or 4 narrow, yellow to bronze stripes on
body in fresh ﬁsh; caudal-peduncle depth
8.6–10 in SL ............................. U. vittatus
2b. Height of black tip of 1st dorsal ﬁn and width of
largest oblique bar and/or interspace
between distal oblique bars of lower
caudal-ﬁn lobe less than orbit length; no
stripes on body in fresh ﬁsh; caudal-pedun-
cle depth 10–12 in SL ....... stenopsis group
3a. Lateral-line scales 36; body depth at anus
3.7–3.9 in SL; pectoral-ﬁn length 4.2–4.5
in SL and 1.3 in maximum body
depth; stripes on mid-body not
connecting to mid-lateral oblique bars on
caudal ﬁn ................................. U. indicus
3b. Lateral-line scales 34–35 (rarely 36); body
depth at anus 3.8–4.6 in SL; pectoral-ﬁn
length 3.5–4.4 in SL and 1.0–1.2 in
maximum body depth; stripes on mid-
body connecting to mid-lateral oblique
bars on caudal ﬁn ................................. 4
4a. Total gill-rakers 26–28; head length 3.2–3.5 in
SL; barbel length 4.7–6.5 in SL; pectoral-
ﬁn length 3.9–4.4 in SL; South Africa to
Red Sea ............................... U. suahelicus
4b. Total gill-rakers 27–32 (mostly 29–31);
head length 3.0–3.3 in SL; barbel
length 4.3–6.0 in SL; pectoral-ﬁn length
3.5–4.3 in SL; S Iran to Sri Lanka and
E India ............................. U. supravittatus
Upeneus indicus Uiblein & Heemstra, 2010
Cochin goatﬁsh
(Table II, Figures 1–2)
Upeneus indicus Uiblein & Heemstra, 2010: 43, plates
1, 3 (type locality: Cochin, southwestern India).
Material examined (n = 2, 131–136 mm SL)
BPBM 27524, 136 mm, HT, Southwestern India,
Cochin; BPBM 40987, 131 mm, PT, same locality
as HT.
Diagnosis
Dorsal ﬁn VIII spines, 9 rays; pectoral ﬁns 15 or 16
rays; gill-rakers 9 + 20–22 = 29–31; LL 36; measure-
ments in % of SL: body depth at 1st dorsal-ﬁn origin
29–31, at anus 26–27; caudal-peduncle depth 11;
maximum head depth 25–26; head length 30–31;
barbel length 19–20; caudal-ﬁn length 27–28; anal-
8 F. Uiblein and G. Gouws
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Table II. Morphometrics, meristics, and caudal-ﬁn colour characters in four species of Upeneus.
Upeneus indicus
(n = 2) U. suahelicus U. supravittatus U. vittatus
Min Mean Max Min Mean Max n Min Mean Max n Min Mean Max n
Morphometric characters
SL (mm) 131 133.2 136 78 110.7 153 47 85 106.6 144 55 80 141.3 207 26
in % SL
Body depth at ﬁrst dorsal-ﬁn origin 29 30.1 31 25 27.7 30 46 25 27.5 30 55 24 27.0 30 26
Body depth at anal-ﬁn origin 26 26.5 27 22 23.9 26 46 22 23.7 25 55 21 22.6 24 26
Half body depth at ﬁrst dorsal ﬁn origin 23 24.0 25 20 22.3 24 46 19 22.2 25 55 19 21.6 24 26
Half body depth at anal ﬁn origin 20 20.0 20 17 18.2 20 46 17 17.7 19 55 15 17.0 19 26
Caudal-peduncle depth 11 11.2 11 9.7 10.5 12 46 9.7 10.5 11 55 9.8 10.6 12 26
Caudal-peduncle width 4.2 4.2 4.3 3.4 4.0 4.9 46 3.4 4.0 4.6 55 3.4 4.1 5.1 26
Maximum head depth 25 25.2 26 21 23.5 25 46 22 23.7 26 55 21 23.2 26 26
Head depth through eye 18 18.8 19 17 17.8 20 46 16 17.7 20 55 16 18.4 20 26
Suborbital depth 11 11.0 11 8.7 10.2 12 46 9.2 10.5 12 55 9.2 10.9 13 26
Interorbital length 8.7 8.8 8.8 7.4 8.2 9.3 46 7.3 8.4 9.6 55 7.4 7.9 9.0 26
Head length 30 30.6 31 29 30.2 31 46 30 31.3 33 55 29 30.6 32 26
Snout length 11 11.1 12 9.7 10.5 12 46 9.7 10.6 12 55 9.8 11.2 13 26
Postorbital length 12 12.9 13 11 12.6 14 46 12 13.7 15 55 11 12.6 14 26
Orbit length 7.0 7.1 7.3 7.0 8.0 9.4 46 6.8 7.6 8.4 55 6.6 7.6 8.8 26
Orbit depth 6.4 6.4 6.4 6.3 7.2 8.2 46 6.1 6.7 7.6 55 5.5 6.7 7.8 26
Upper-jaw length 12 12.6 13 12 12.2 13 46 12 12.6 14 55 11 12.2 13 26
Lower-jaw length 12 12.3 12 11 11.5 12 46 11 12.0 13 55 11 11.8 12 26
Snout width 10 10.5 11 7.1 9.4 10 46 8.0 9.0 11 55 7.9 9.3 12 26
Barbel length 19 19.3 20 15 18.2 21 47 17 19.8 23 55 16 17.8 21 25
Maximum barbel width 0.8 0.8 0.8 0.7 0.9 1.1 46 0.6 0.9 1.0 55 0.6 0.9 1.1 26
First pre-dorsal length 41 41.4 42 37 39.4 41 46 38 40.3 43 55 39 40.1 42 26
Second pre-dorsal length 70 70.0 70 65 67.5 70 46 64 67.8 72 55 65 67.5 70 26
Interdorsal distance 16 16.4 16 13 15.7 17 46 14 15.7 18 55 15 16.2 18 26
Caudal-peduncle length 19 18.8 19 18 19.7 22 46 18 19.8 22 55 18 20.3 22 26
Pre-anal length 69 69.2 69 64 68.7 72 46 64 68.6 71 55 65 68.1 71 26
Pre-pelvic length 34 34.2 34 31 33.2 35 46 33 34.6 37 55 32 33.7 37 26
Pre-pectoral length 32 32.3 33 30 31.4 33 46 30 32.8 35 55 30 31.6 33 26
Second dorsal-ﬁn depth 26 27.3 28 22 24.5 26 46 23 24.5 26 55 21 23.5 27 26
Pelvic-ﬁn depth 29 29.8 31 25 27.3 30 46 24 27.2 30 55 25 27.0 30 26
Pectoral-ﬁn depth 19 19.7 20 17 18.4 21 46 16 17.9 20 55 16 17.7 21 26
Length of ﬁrst dorsal-ﬁn base 14 14.5 15 14 15.4 17 46 14 15.7 17 55 14 14.7 17 26
Length of second dorsal-ﬁn base 14 13.7 14 12 13.5 15 46 12 13.1 15 55 12 13.0 14 26
Caudal-ﬁn length 27 27.7 28 26 28.1 30 47 27 29.5 31 55 27 29.4 31 26
Length of anal-ﬁn base 12 11.8 12 10 11.0 13 46 9.8 11.0 12 55 9.3 10.3 11 26
Anal-ﬁn height 15 15.1 15 15 16.0 17 46 15 16.0 17 54 14 15.6 18 25
Pelvic-ﬁn length 19 19.2 19 18 19.5 21 46 18 19.5 21 55 18 19.0 20 26
Pectoral-ﬁn length 22 23.0 24 23 24.0 25 47 23 25.2 28 55 21 22.4 24 26
Pectoral-ﬁn width 5.2 5.3 5.3 4.2 4.7 5.6 47 4.1 5.0 5.9 55 3.9 4.4 5.2 26
First dorsal-ﬁn height 22 22.2 23 21 23.5 26 45 22 23.8 26 55 22 23.5 28 25
Second dorsal-ﬁn height 15 14.9 15 14 16.2 18 46 15 16.3 17 55 14 15.6 18 26
Meristic characters
Pectoral-ﬁn rays 15 15.5 16 13 15.7 17 47 16 16.4 17 55 15 15.9 17 26
Rudimentary gill rakers on upper limb 1 2.0 3 0 1.4 4 47 0 2.0 5 55 0 2.7 5 26
Developed gill rakers on upper limb 6 7.0 8 3 5.8 7 47 3 6.3 9 55 3 5.0 7 26
Developed gill rakers on lower limb 16 16.5 17 13 15.9 19 47 16 17.3 21 55 13 14.7 17 26
Rudimentary gill rakers on lower limb 4 4.5 5 1 3.6 6 47 1 4.0 6 55 4 5.0 8 26
Total gill rakers on upper limb 9 9.0 9 6 7.2 8 47 7 8.3 9 55 5 7.7 9 26
Total gill rakers on lower limb 20 21.0 22 18 19.5 21 47 19 21.3 23 55 18 19.7 21 26
Total gill rakers 29 30.0 31 26 26.7 28 47 27 29.7 32 55 25 27.4 29 26
Scales along lateral line 36 36.0 36 33 34.6 35 41 34 34.6 36 54 35 35.9 37 25
Quantitative colour characters
Oblique bars on upper caudal-ﬁn lobe 4 4.5 5 4 5.1 6 43 4 5.0 6 54 4 4.7 6 25
Oblique bars on lower caudal-ﬁn lobe 4 4.0 4 3 4.0 5 46 3 4.0 5 54 3 3.1 4 25
Oblique bars on both caudal-ﬁn lobes 8 8.5 9 8 9.1 11 43 8 9.0 11 54 7 7.8 10 25
Distinction and relatedness among Upeneus goatﬁsh species 9
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ﬁn height 15; pelvic-ﬁn length 19; pectoral-ﬁn length
22–24; 1st dorsal-ﬁn height 22–23; total oblique bars
on caudal ﬁn 8–9, wider than interspaces, 4–5 pale
brown oblique bars on upper caudal-ﬁn lobe and 4 on
lower caudal-ﬁn lobe, the 3 proximal oblique bars on
upper lobe slightly curved; 2 oblique caudal-ﬁn bars
mid-laterally (close to fork) reduced and not extending
to ﬁn base; oblique bars on caudal ﬁn not or only
weakly retained in preserved ﬁsh; head and body
reddish dorsally, silvery pink on side and ventrally,
including anterior part of caudal ﬁn; 3 narrow, pale
brown stripes on side of body, one at eye level, one
from base of pectoral ﬁn, one short and weak stripe
dorsally below dorsal ﬁns; mid-body stripes not con-
necting to oblique bars on caudal ﬁn; body uniformly
pale brown in preserved ﬁsh, stripes not retained; tip
of ﬁrst dorsal ﬁn dark, also in preserved ﬁsh; barbels
white.
Distribution
Known only from the type locality, Cochin, south-
western India.
Size
Upeneus indicus attains at least 14 cm SL.
Upeneus suahelicus Uiblein & Heemstra, 2010
Swahili goatﬁsh
(Tables II and SI, Figures 1–4)
Upeneus suahelicus Uiblein & Heemstra, 2010: 50,
plates 2, 3 (type locality: off Malindi, Kenya).
Material examined (n = 49, 78–153 mm SL)
Lots from which genetic tissue samples were analysed
are highlighted in bold (see also Table I).
Red Sea: HUJ 8555, 124 mm, Massawa, Eritrea;
SMF 33643, 130 mm, Saudi Arabia, Jeddah, ﬁsh
market; SMF 35488, 85 mm, Saudi Arabia, Jizan,
16°57′52″N, 42°25′31″E, 16–19 m; Kenya: SAIAB
13948, 101 mm, HT, and SAIAB 82816, 102 mm,
PT, off Malindi, 03°07′S, 40°11′E; Tanzania:
SAIAB 87011, 81 mm, Zanzibar town, Malindi ﬁsh
market; Mozambique: BPBM 41187, 5 specimens,
91–117 mm, Mozambique, 19˚09′S, 26˚20′E, 27–
30 m; SAIAB 55589 and 82805, 2 specimens, 100–
135 mm, PT, Lipobane estuary, 19°00′14S, 39°04′
44E; SAIAB 74521, 3 specimens, 100–114 mm,
PT, off Quelimane, 20 m; SAIAB 81952, 95 mm,
34°46.57′S, 25°07.31′E, 99 m; SAIAB 81957, 88
mm, PT, 34°22.15′S, 25˚00.03′E, 46 m; SAIAB
82006, 3 specimens, 108–120 mm, 24°33′42″S, 35°
Figure 1. (A)U. suahelicus, SAIAB 13948, HT, 10.1 cm SL, Kenya (P.C. Heemstra); (B)Upeneus suahelicus, SAIAB 97929, 10.4 cm SL, Fort
Dauphin,Madagascar (P.C. Heemstra); (C)U. indicus, BPBM27524, HT, 13.7 cm SL, Cochin,W India (J.E. Randall); (D)U. supravittatus,
SAIAB 187367, 11.7 cm SL, Negombo, Sri Lanka (F. Uiblein); (E) U. supravittatus, BPBM 20504, PT, 12.0 cm SL, Madras, E India (J.E.
Randall); (F) U. vittatus, 16.1 cm SL, Zanzibar Channel, Tanzania (J.E. Randall).
10 F. Uiblein and G. Gouws
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15′36″E, 50–51 m; SAIAB 82296, 94 mm, Mozam-
bique, 19°13′42″S, 36°18′48″E, 29–32 m; SAIAB
190098, 5 specimens, 107–129 mm, N Mozambi-
que, 17°19′27″S 39°77′06″E; USNM 396113, 93
mm, PT, Ponta Mahone-Inhaca; South Africa:
SAIAB 76122, 2 specimens, 107–121 mm, PT,
KwaZulu-Natal, Richards Bay, 28°49′54″S, 32°10′
04″E, 45 m; SAIAB 82820, 89 mm, PT, 36°31.38′
S, 19°22.85′E, 29 m; SAIAB 82824, 78 mm,
KwaZulu-Natal, Richards Bay, 28°49′54″S, 32°10′
04″E, 45 m; SAIAB 11478, 101 mm, PT, Durban,
29°S, 31°E; SAIAB 62742, 136 mm, KwaZulu-
Natal, Tugela Bank, 29°6′36″S, 31°50′E; SAIAB
87793, 2 specimens, 136–153 mm, KwaZulu-Natal,
Tugela Bank, 29°07′30″S, 31°45′E, 40 m; SAIAB
88454, 2 specimens, 127–128 mm, KwaZulu Natal,
Richards Bay, 28°49′54″S, 32°10′04′E, 45 m;
SAIAB 186414, 5 specimens, 100–114 mm,
KwaZulu-Natal, 29°31′11″S, 31°50′E, 27 m;
SAIAB 188882, 134 mm, KwaZulu-Natal, Tugela
Bank, 29°07′30″S, 31°45′E, 30 m; SAIAB 188947,
2 specimens, 126–127 mm, KwaZulu-Natal,
Vetch’s Pier, 29°52′S, 31°02′54″E; SAM 34162,
114 mm, 19°28′S, 36°37′E; Madagascar: SAIAB
97929, 2 specimens, 104–107 mm SL, Fort
Dauphin (only photographs examined, the larger
specimen also genetically studied).
Diagnosis
Dorsal ﬁn VIII spines, 9 rays; pectoral ﬁns 13–17
rays; gill-rakers 6–8 + 18–21 = 26–28; LL 33–35;
Figure 2. Morphological distinction among the four species using SL, three morphometric characters, and total number of gill rakers, with
polygons drawn for delimiting species (U. suahelicus – continuous line;U. supravittatus – dashed line;Upeneus vittatus – dotted line). The three
specimens not placed within the two barcoding clades (see Figure 5 and text) are indicated by ﬁlled (i.e., completely black) symbols.
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measurements in % of SL: body depth at 1st dorsal-
ﬁn origin 25–30; at anus 22–26; caudal-peduncle
depth 9.7–12; maximum head depth 21–25; head
length 29–31; barbel length 15–21; caudal-ﬁn
length 26–30; anal-ﬁn height 15–17; pelvic-ﬁn
length 18–21; pectoral-ﬁn length 23–25; 1st dorsal-
ﬁn height 21–26; total number of oblique bars on
caudal ﬁn 8–11, 4–6 pale brown oblique bars on
upper caudal-ﬁn lobe, and 3–5 of same colour on
lower caudal-ﬁn lobe; 3 upper-lobe proximal bars
slightly curved; oblique bars and pale interspaces on
upper caudal-ﬁn lobe nearly equal in width; lower
caudal-ﬁn lobe in adult specimens sometimes
considerably shorter than upper lobe, with distal-
most oblique bar increased in size (Figure 1B);
oblique bars on caudal ﬁn entirely retained in pre-
served ﬁsh; head and body reddish-brown dorsally,
silvery white laterally, and white ventrally, with 2
yellow or pale brown stripes on mid-body, each
stripe connecting to a mid-lateral oblique bar on
caudal ﬁn; body pale brown in preserved ﬁsh, some-
times darker dorsally, stripes lost; tip of 1st dorsal ﬁn
dark, also in preserved ﬁsh; barbels white.
Distribution
WIO. Southern Red Sea, Kenya to South Africa
(Durban) and Madagascar. New record for Saudi
Arabia and Madagascar. Depth: 20–99 m.
Remarks
The colour of the oblique caudal-ﬁn bars may
occasionally fade away during preservation, as may
have happened in six additional specimens from
Eritrea, Red Sea (HUJ 4944, HUJ 11664), which
were only tentatively referred to Upeneus suahelicus
and hence not included in this study.
Size
Upeneus suahelicus attains 15 cm.
Figure 3. Meristic characters for the three quantitatively studied
species indicating pairs of species which do not differ signiﬁcantly
(‘ns’) based on the Chi2 test for trends. The three specimens not
placed within the two barcoding clades (see Figure 5 and text)
are indicated by ﬁlled circles.
Figure 4. Counts of caudal ﬁn bars for the three quantitatively
studied species indicating pairs of species which do not differ sig-
niﬁcantly (‘ns’) based on the Chi2 test for trends.
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Upeneus supravittatus Uiblein & Heemstra,
2010
Longﬁn goatﬁsh
(Tables II and SII, Figures 1–4)
Upeneus supravittatus Uiblein & Heemstra, 2010: 53,
plates 2, 3 (type locality: Kelani river drainage,
Colombo, Sri Lanka).
Upeneus vittatus: Blegvad & Løppenthin 1944: 134,
plate 7, ﬁgure 2 (colour painting)
Material examined (n = 55, 85–144 mm SL)
Lots from which genetic tissue samples were analysed
are highlighted in bold (see also Table I).
Iran,Gulf ofOman:ZMUCP49156, 113mm,Cha-
habar; Pakistan: BPBM 31267, 9 specimens, 96–115
mm; Southwest India, Kerala: USNM 267679, 5
specimens, 104–108 mm, PT, Vizhingam, 8˚22’N,
76˚58′E; Sri Lanka: NRM 24606, 6 specimens, 85–
99 mm, PT, Colombo, Slave Island Market, Kelani
River drainage, 6˚55′55″N, 79˚50′52″E; NRM 51635,
96 mm, HT, Sri Lanka, Colombo, Slave Island
Market, Kelani River drainage, 6˚55′55″N, 79˚50′52″
E; NRM 18877, 118 mm, PT, off Negombo; SAIAB
187367, 22 specimens, 89–119 mm, Sri Lanka,
Negombo ﬁsh market, 7°12′20″N, 79°49′41″E; East
India, Madras State: BPBM 20504, 3 specimens,
112–133 mm, PT, Madras, 40 m; MNHN A3463,
100 mm, Puducherry, 11°58′59″N, 79°49′59″E;
USNM 396114, 6 specimens, 127–144 mm, PT,
Puducherry.
Diagnosis
Dorsal ﬁn VIII spines, 9 rays; pectoral ﬁns 16–17
rays; gill-rakers 7–9 + 19–23 = 27–32; LL 34–36;
measurements in % of SL: body depth at 1st
dorsal-ﬁn origin 25–30, at anus 22–25; caudal-
peduncle depth 9.7–11; maximum head depth 22–
26; head length 30–33; barbel length 17–23;
caudal-ﬁn length 27–31; anal-ﬁn height 15–17;
pelvic-ﬁn length 18–21; pectoral-ﬁn length 23–28;
1st dorsal-ﬁn height 22–26; total oblique bars on
caudal ﬁn 8–11, 4–6 oblique brown bars on upper
caudal-ﬁn lobe, 3–5 of same colour on lower
caudal-ﬁn lobe; 3 upper-lobe proximal oblique bars
strongly curved, 2 lower-lobe proximal bars slightly
curved; oblique bars and pale interspaces on upper
caudal-ﬁn lobe nearly equal in width; lower caudal-
ﬁn lobe in adult specimens sometimes considerably
shorter than upper lobe, with distal-most oblique
bar increased in size; oblique bars on caudal ﬁn
retained in preserved ﬁsh; head and body brassy or
silvery grey, pale rose laterally and slightly darker dor-
sally, pale ventrally; two pale-brown mid-body stripes
in fresh ﬁsh, one from upper rear margin of opercle to
caudal-ﬁn base, and the other from pectoral-ﬁn base
to caudal-ﬁn base, each stripe connecting to an
oblique bar on caudal ﬁn; body uniformly brown in
preserved ﬁsh, sometimes dorsally darker, stripes
lost; tip of 1st dorsal ﬁn dark, also in preserved ﬁsh;
barbels white.
Distribution
Indian Ocean. S Iran (Gulf of Oman), Pakistan,
India, Sri Lanka. New record for Iran (Gulf of
Oman) and Pakistan. Depth: 40 m.
Remarks
The specimen from Chahabar, S Iran (ZMUC
P49156) had been previously published (under incor-
rect locality information) as Upeneus sulphureus in
Uiblein & Heemstra (2010). The oblique caudal-ﬁn
bars, as indicated in a drawing by Blegvad &
Løppenthin (1944), which is most probably based on
this specimen (John E. Randall, personal communi-
cation, 2010), have faded away. This loss of the
caudal-ﬁn bar pigmentation in preserved specimens
parallelsU. suahelicus (see account above), thus render-
ing the distinction from other congeneric species that
lack those bars (like U. sulphureus) more difﬁcult.
Recently, after the alpha-taxonomic studieshadbeen
completed, an 18.7 cm SL voucher specimen (SAIAB
200573) from Pakistan with a tissue sample were
obtained and identiﬁed asU. supravittatusby barcoding
(GenBankKR057900– this sequencewasnot included
in the genetic analysis due to its shorter length).
Size
Upeneus supravittatus commonly attains 14 cm SL,
but may reach at least 18.7 cm SL (see Remarks
section above).
Upeneus vittatus (Forsskål, 1775)
Yellowstriped goatﬁsh
(Tables II and SIII, Figures 1–4)
Mullus vittatus Forsskål, 1775: 31 (type locality:
Jeddah, Red Sea).
Upeneus vittatus: Uiblein & Heemstra 2010, Uiblein
& McGrouther 2012, Uiblein & Causse 2013
Material examined (n = 27, 72–207 mm SL)
Lots from which genetic tissue samples were analysed
are highlighted in bold (see also Table I).
Red Sea: BPBM 41188, 72 mm, Sudan, Port
Sudan harbour; SMF 1185, 163 mm, neotype,
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most probably Ethiopia; SMF 33642, 132mm, Saudi
Arabia, Jeddah ﬁsh market; Mozambique: SAIAB
82327, 146 mm, 38˚21′26″S, 17˚42′46″E, 25 m;
SAIAB 189865, 2 specimens, 153–170 mm, 16°06′
56″S, 44°10′22″E, 31–32 m; SAIAB 190996, 5 speci-
mens, 124–140 mm, 17°19′26″S, 39°18′46″E; South
Africa: SAIAB 40593, 161 mm, KwaZulu-Natal,
Sodwana; SAIAB 190806, 97 mm, Kariega estuary,
33°38′13″S, 26°38′33″E; SAM 25942, 205 mm,
Durban, 29°52′15″S, 31°03′29″E; SAM 26521, 88
mm, Durban, 29°52′15″S, 31°03′29″E; Mauritius:
SAIAB 31413, 144 mm; Réunion: MNHN1965-
76, 168 mm, 21˚07′0″S, 55˚35′00″E; MNHN1965-
77, 149 mm, 21˚07′0″S, 55˚35′00″E; Thailand,
EIO: ZMUC P49379–81, 3 specimens, 140–186
mm, Phuket ﬁsh market; Indonesia, EIO: BMNH
1986.10.1.39, 156 mm; CSIRO H7370-01, 81
mm, West Java, Pelabuhanratu; CSIRO H7363-02,
207 mm, and CSIRO H7370-02, 2 specimens, 80
mm, Lombok, Tanjung Luar; CSIRO H7793-01,
141 mm, Bali, Kedonganan.
Diagnosis
Dorsal ﬁn VIII spines, 9 rays; pectoral ﬁns 15–17
rays; gill-rakers 5–9 + 18–21 = 25–29; LL 35–37;
measurements in % of SL: body depth at 1st
dorsal-ﬁn origin 24–30, at anus 21–24; caudal-ped-
uncle depth 9.8–12; maximum head depth 21–26;
head length 29–32; barbel length 16–21; caudal-ﬁn
length 27–31; anal-ﬁn height 14–18; pelvic-ﬁn
length 18–20; pectoral-ﬁn length 21–24; 1st
dorsal-ﬁn height 22–28; total number of oblique
bars on caudal ﬁn 7–10; 4–6 oblique brown or
dark brown bars on upper caudal-ﬁn lobe; 3
(rarely 4) oblique bars on lower caudal-ﬁn lobe,
increasing distally in width, distal-most bar widest,
black or dark brown, other bars pale brown or
brown; width of largest oblique bar and/or pale
interspace between distal-most oblique bars on
lower caudal-ﬁn lobe equal to or larger than orbit;
tip of lower-ﬁn lobe pale; oblique bars on caudal
ﬁn retained in preserved ﬁsh; body white to silvery
on sides, dorsally reddish brown, ventrally white,
faint yellowish patches along pelvic and anal-ﬁn
bases; body pale brown in preserved ﬁsh, slightly
darker dorsally; 2 yellow or pale brown mid-body
stripes, one from eye to caudal-ﬁn base and the
other from pectoral-ﬁn base to caudal peduncle,
each stripe connecting to an oblique bar on caudal
ﬁn; 2 brown or pale brown stripes further dorsally,
one from upper rear margin of opercle to behind
2nd dorsal ﬁn, other indistinct and much shorter
below 1st dorsal ﬁn; all body stripes lost in preserved
ﬁsh; tip of 1st dorsal ﬁn dark, height of pigmented
area similar to width of widest oblique bar on
lower caudal-ﬁn lobe; dark tip of 1st dorsal ﬁn
retained in preserved ﬁsh; barbels white.
Distribution
Indo-Paciﬁc. WIO: Red Sea, Tanzania, Mozambi-
que, South Africa (W of Port Alfred), Madagascar
and Mauritius; elsewhere to Hawaii and Samoa.
First veriﬁed record for Sudan. Depth: to at least
100 m.
Size
Upeneus vittatus attains 28 cm.
Comparisons
Species of the suahelicus group can be distinguished
from all other congeneric species by the following
combination of characters: 26–32 total gill-rakers;
body depth at anus 22–27% SL; pectoral-ﬁn length
22–28% SL and 1.1–1.4 in head length; oblique
pale-brown to brown bars on both caudal-ﬁn lobes
in fresh and preserved ﬁsh (sometimes lost in preser-
vative); pale interspaces between bars nearly equal in
width; bars on upper caudal-ﬁn lobe curved; two
narrow yellow or pale-brown mid-body stripes in
fresh ﬁsh; ﬁrst dorsal ﬁn with dark tip.
The three species of the suahelicus group can be dis-
tinguished from each other by the combination of
several characteristics as follows: Upeneus indicus
differs from the other two species of the suahelicus
group in having more lateral-line scales, a larger body
depth at anus, shorter pectoral ﬁns and the mid-body
stripes not connecting to the oblique bars on the
caudal ﬁn; Upeneus suahelicus differs from
U. supravittatus in having fewer pectoral-ﬁn rays and
gill-rakers, a shorter head and slightly shorter barbels.
While there is overlap between those two species in
single diagnostic characters, clear species distinction
is achieved by a combination of head length, barbel
length and gill-raker number (Figure 2). These mor-
phological a comparisons included several specimens
of U. suahelicus and U. supravittatus which were also
analysed genetically, including the three individuals
which could not be correctly classiﬁed by barcoding
technique (see below).
No marked intraspeciﬁc differences were found
among populations of U. suahelicus from the WIO
proper and the Red Sea (Table SI). The only popu-
lation differences found for U. supravittatus are
shorter barbels in the easternmost population (S
Iran to Pakistan; barbel length 17–19% SL) com-
pared with the other three populations (18–23%
SL) and longer pectoral ﬁns in specimens from the
easternmost population (Madras; pectoral-ﬁn
length 25–28% SL) compared with the populations
14 F. Uiblein and G. Gouws
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from Sri Lanka, West India and Pakistan/South Iran
(23–26% SL) (Table SII, Figure 2).
Upeneus vittatus differs from the three suahelicus-
group species in the irregular width and spacing of
the oblique bars on the lower caudal-ﬁn lobe, with
the distal-most bar much wider, a larger dark tip on
the ﬁrst dorsal ﬁn and mostly shallower body depth
at anal-ﬁn origin; furthermore, it differs from
U. indicus in a shorter anal-ﬁn base; from
U. suahelicus it differs in having shorter pectoral
ﬁns, more gill-rakers and lateral-line scales, and
fewer oblique bars on the caudal ﬁn; and from
U. supravittatus it differs in having shorter pectoral
ﬁns, fewer pectoral-ﬁn rays and gill-rakers, more
lateral-line scales, and fewer oblique bars on the
caudal ﬁn. No population differences were found
among U. vittatus from the SW Indian Ocean, the
Red Sea and the EIO (Table SIII, Figure 2). The
small 72 mm SL specimen from Sudan deviates
mainly in having a slightly shallower body depth (e.
g. half-body depth at ﬁrst dorsal-ﬁn origin 18 vs
19–24% SL, pectoral-ﬁn depth 14 vs 16–21% SL)
and shorter barbels (barbel length 15 vs 16–21%
SL) compared to larger conspeciﬁcs (Table SIII).
Comparisons with the three U. parvus specimens
revealed clear differences in several morphometric
characters from all four WIO species, with a shal-
lower body at anal-ﬁn origin (20–21 vs. 21–27%
SL), shallower caudal peduncle (8.4–9.4 vs 9.7–
12% SL), longer barbels (24–25 vs 15–23% SL), a
shorter anal ﬁn (8.7–9.3 vs 9.3–13% SL) and a
lower anal ﬁn (13–14 vs 14–18% SL); examination
of fresh photographs of U. parvus available through
FishBase (Froese & Pauly 2015) showed that this
species has no dark ﬁrst dorsal-ﬁn tip and only a
single mid-body stripe, which is in contrast to the
two or more stripes in the four WIO species.
Genetic study
The initial COI sequence alignment (575 nucleotides
once trimmed to equal length) contained sequences
of 75 individuals from 14 nominal taxa, including
the two outgroup species (Mulloidichthys vanicolensis
(Valenciennes, 1831) and Parupeneus barberinus
(Lacepède, 1801)). New sequences generated in
this study are lodged in GenBank (accession
numbers KP293705–KP293729 and KR057890–
KR057899; Table I). An initial parsimony analysis,
based on 143 parsimony informative characters (out
of 163 variable characters), yielded three equally par-
simonious trees (not shown) of 402 steps (Consist-
ency Index (CI) = 0.542, Retention Index (RI) =
0.843, Rescaled CI = 0.457). Using the above out-
groups, the strict and majority-rule consensus
topologies revealed a clade containing Upeneus gutta-
tus, U. heemstra, U. margarethae, U. parvus and
U. tragula to be basally derived amongst the
ingroup. This was supported by the maximum likeli-
hood phylogram (–lnL = 2727.018; tree not shown).
Consequently, ﬁnal analyses proceeded with these
taxa designated as outgroups. This was done to
depict relationships among the remaining ingroup
specimens better, with the distantly related Mulloi-
dichthys and Parupeneus specimens removed.
The ﬁnalML analysis was performed implementing
the parameters of a Hasegawa et al. (1985) model
(HKY) with a transition/transversion rate of 5.099,
unequal base frequencies (A = 0.237, C = 0.295, G =
0.167 andT=0.302), a proportion (0.268) of invariant
sites and a gamma-distribution of among-site rate vari-
ation (α=0.211).Themaximum likelihoodphylogram
(–lnL = 2329.670) obtained using these parameters is
presented in Figure 5. This topology is identical to
that of the strict consensus (not shown) of the two
equally parsimonious trees (315 steps, CI = 0.610, RI
= 0.882; Rescaled CI = 0.538), obtained in the parsi-
mony analysis of 138 parsimony informative charac-
ters, with respect to the relationships in the ‘crown’
group of all included U. quadrilineatus,
U. supravittatus and U. suahelicus individuals. There
was no conﬂict among these topologies with respect
to supported relationships among those species basal
to the ‘crown group’ (excluding those taxa designated
as outgroups): Upeneus mascareinsis, U. moluccensis,
U. sulphureus and U. vittatus. These topologies were
similarly congruent to the consensus tree (not
shown), constructed to determine nodal support
(BPPs), of the 10,000 trees pooled from each of the
fourBayesian Inferences after a burn-in of 50% ineach.
Two separate, but unsupported clades were recov-
ered within the ‘crown’ group, corresponding to
U. supravittatus (Figure 5A) and U. suahelicus (Figure
5B), respectively. All but one U. supravittatus
(KP293719) and two U. suahelicus (KAU13-663 and
KP293707) sequences were placed within these
clades. These three individuals were placed in a poly-
tomy with the two major clades and formed a larger,
well-supported clade (1.00 BPP, 87% bootstrap) to
the exclusion of the clade formed by U. quadrilineatus.
In turn, the well-supported Upeneus vittatus clade
(1.00 BPP, 100%) was excluded from this larger
clade with strong support (1.00 BPP, 90% bootstrap).
Given the genetic placement of the above three
specimens (KAU13-663, KP293707 and
KP293719), the genealogical relationships among
the haplotypes present in all included U. suahelicus
and U. supravittatus individuals were examined
further by means of a parsimony network. Eighteen
COI haplotypes were found among the 52 specimens
included (Figure 6). These haplotypes were
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Figure 5. Maximum-likelihood phylogram (–lnL = 2329.670) of relationships among the included individuals of 12 species of Upeneus from
the analysis of COI sequence data. The tree was rooted with U. guttatus, U. heemstra, U. margarethae, U. parvus and U. tragula as outgroups.
Bayesian Posterior Probabilities (BPPs) from the Bayesian inference and bootstrap support from the parsimony analysis are presented on the
nodes (in the order BPP/bootstrap). Only BPPs > 0.95 and bootstraps > 75% are shown. Clades formed by U. supravittatus and U. suahelicus
are indicated as A and B, respectively. Terminal names include GenBank accession numbers or BOLD Process IDs, as well as sampling
regions.
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partitioned into two distinct, but shallowly divergent
haplogroups, corresponding to U. supravittatus (A)
and U. suahelicus (B). The three individuals above
shared a single haplotype that occupied a somewhat
central position in the network, between the two
deﬁned haplogroups.
Sequence divergences, corrected according to
Kimura’s (1980) two-parameter model, among
nominal species and the Upeneus supravittatus and
U. suahelicus clades (excluding the three individuals
mentioned above) are presented in Table III. Mean
intraspeciﬁc or within-clade sequence divergences
ranged from zero to 0.5%, with divergences of zero to
0.9% being obtained in individual comparisons. Com-
parisons among individuals of different species and
clades yielded sequence divergences of 0.5 to 18.5%.
The lowest values from individual comparisons (0.5–
1.4%), and the lowest mean values of 0.8 and 1.0%
were observed between the U. supravittatus and
U. suahelicus clades and between U. heemstra and
U. tragula, respectively. These divergences were well
below those observed among other species and clades
(the next lowest mean divergence was 2.2%) and
showed some overlap with certain intraspeciﬁc or
within-clade comparisons. The haplotype present in
the three extra-clade U. suahelicus and U. supravittatus
individualswas onaverage0.2%(0.2–0.5%for individ-
ual comparisons) and 0.6% (0.4–0.9%) divergent from
the U. suahelicus and U. supravittatus clades, respect-
ively. Upeneus vittatus was 8.2% (7.8–8.4%) divergent
from both of these clades.
Discussion
Taxonomic analysis
The three species Upeneus indicus, U. suahelicus and
U. supravittatus form a coherent species group
within the genus Upeneus that can be clearly distin-
guished from all other congeneric species or species
groups by a combination of colour and morphologi-
cal characters. Consequently, the vittatus group, as
originally deﬁned by Uiblein & Heemstra (2010),
has been subsequently split into additional species
groups, with the stenopsis group established by
Uiblein & Causse (2013), followed now by the suahe-
licus group. Further studies will have to examine if the
remaining vittatus group is indeed represented by the
nominal species only. Upeneus vittatus is widely dis-
tributed and certainly more taxonomic work with
inclusion of the Paciﬁc populations has to be con-
ducted. Upeneus parvus is geographically isolated, dif-
fering considerably from all other species that were
formerly subsumed in the vittatus group and hence
should be treated independently, as also suggested
by barcoding.
The taxonomic accounts of three of the four WIO
species are based on much larger sample sizes than
available for the original study by Uiblein & Heem-
stra (2010), providing more detailed diagnoses and
semi-quantitative comparisons, an updated identiﬁ-
cation key, and new distributional information.
This information should be of assistance in ecological
and ﬁsheries-biological studies and provide a sound
Figure 6. 95%-credible parsimony network indicating genealogical relationships among the 18 cytochrome c oxidase subunit I (COI) hap-
lotypes found within the 52Upeneus suahelicus andU. supravittatus specimens included in the genetic study. The sizes of the circles correspond
to the frequency occurrence of each haplotype, according to the inset. The U. supravittatus (A) and U. suahelicus (B) haplogroups are indi-
cated. Colours indicate the species identiﬁcations of individuals in which each haplotype was found. Each node represents one mutational
step with small grey circles representing unsampled or missing haplotypes.
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Table III. Kimura (1980) two-parameter corrected cytochrome c oxidase subunit I sequence divergences among the nominal taxa and major clades of Upeneus included and identiﬁed in this study. Mean
sequence divergences are indicated (as percentages) with ranges presented in parentheses. Values below the diagonal refer to interspeciﬁc or inter-clade comparisons, while those on the diagonal (in bold) result
from intraspeciﬁc or intraclade comparisons where more than a single individual was included. Divergences involving the extra-clade U. suahelicus and U. supravitattus individuals (see text) are not included.
U.
guttatus
U.
heemstra
U.
margarethae
U.
mascareinsis
U.
moluccensis
U.
parvus
U.
quadrilineatus
‘U.
suahelicus’
clade
U.
sulphureus
‘U.
supravittatus’
clade
U.
tragula
U.
vittatus
U. guttatus 0%
U. heemstra 6.1%
(5.7–6.4%)
0%
U. margarethae 7.8%
(7.5–8.2%)
8.6%
(8.6–8.6%)
–
U. mascareinsis 17.0%
(16.8–17.1%)
15.6%
(15.6–15.6%)
18.5% –
U. moluccensis 16.1%
(15.7–16.5%)
15.1%
(15.0–15.2%)
17.0%
(16.7–17.3%)
8.3%
(8.2–8.4%)
0.5%
U. parvus 16.3%
(15.9–16.7%)
15.4%
(15.3–15.6%)
17.5%
(17.4–17.6%)
17.1%
(17.0–17.2%)
16.0%
(15.8–16.3%)
0.2%
U. quadrilineatus 14.9%
(14.6–15.2%)
15.4%
(15.4–15.4%)
15.3%
(15.3–15.3%)
9.5%
(9.5–9.5%)
9.1%
(9.0–9.2%)
16.6%
(16.5–16.7%)
0%
‘U. suahelicus’
clade
14.3%
(14.0–14.8%)
14.8%
(14.5–15.2%)
15.8%
(15.6–16.0%)
9.8%
(9.5–10.1%)
9.7%
(9.4–10.0%)
15.5%
(15.2–15.8%)
2.2%
(2.1–2.5%)
0.1%
(0–0.5%)
U. sulphureus 15.9%
(15.3–16.5%)
15.4%
(15.4–15.4%)
16.3%
(16.2–16.4%)
9.5%
(9.5–9.5%)
9.5%
(8.9–10.0%)
16.1%
(15.9–16.3%)
7.4%
(7.2–7.6%)
8.7%
(8.1–9.1%)
0.3%
‘U. supravittatus’
clade
14.7%
(14.0–15.4%)
15.2%
(14.8–15.4%)
16.2%
(15.8–16.5%)
9.6%
(9.3–9.8%)
9.9%
(9.4–10.6%)
15.5%
(15.0–15.8%)
2.5%
(2.3–2.9%)
0.8%
(0.5–1.4%)
8.8%
(8.3–9.2%)
0.2%
(0–0.9%)
U. tragula 6.7%
(6.1–7.2%)
1.0%
(0.9–1.1%)
9.0%
(9.0–9.0%)
15.8%
(15.8–15.8%)
15.5%
(15.2–15.9%)
15.9%
(15.8–16.0%)
15.2%
(15.2–15.2%)
14.6%
(14.3–15.0%)
15.2%
(15.2–15.2%)
15.0%
(14.6–15.2%)
0.3%
U. vittatus 16.5%
(16.2–17.0%)
15.9%
(15.9–15.9%)
16.7%
(16.7–16.7%)
10.1%
(10.0–10.2%)
10.5%
(10.0–10.8%)
17.2%
(17.1–17.5%)
7.6%
(7.4–7.6%)
8.2%
(7.8–8.4%)
7.0%
(6.8–7.0%)
8.2%
(7.8–8.4%)
15.9%
(15.9–15.9%)
0.1%
(0–0.2%)
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basis to ﬁll further knowledge gaps, which still exist.
For instance, U. indicus is currently only known
from the type locality (Cochin, SW India) and
neither additional specimens nor any genetic
samples have become available since the original
description (cf. Uiblein & Heemstra 2010). Also,
U. suahelicus overlaps with U. vittatus throughout its
distributional range, but there is currently no infor-
mation on whether these two species occur in the
northern Red Sea and if any of them co-occur with
U. supravittatus or U. indicus.
Due to the considerable material available for the
current study, one can assume that U. suahelicus is
geographically separated from U. supravittatus and
restricted to the westernmost part of the WIO.
Upeneus supravittatus seems to be restricted to the
coastal area between S Iran and E India and may be
locally rather abundant, as well as economically
important, as it has been encountered in high
numbers at the ﬁsh markets of Negombo, Sri Lanka
(Franz Uiblein, personal observations, 2012) and
Visakhapatnam (Sujatha Kandula, personal obser-
vations, 2012). The overall distributional infor-
mation for this species is, however, still rather
discontinuous and sampling in more remote and
less-studied areas is still lacking.
A considerable challenge for regional ecological
and ﬁsheries-biological investigations of these
species is the possibly still ongoing confusion of
U. supravittatus with U. vittatus. In several ﬁsheries
or faunistic studies, for instance, U. vittatus has
been indicated to occur around India and Sri Lanka
(e.g. Bhargava et al. 2004; Rajkumar 2004;
Kumuran et al. 2012; Sluka 2013), but the only
well-documented evidence of its occurrence in or
near that area comes from the Laccadive Islands in
the west (Jones & Kumaran 1980) and the
Andaman and Nicobar Islands to the east of India
(Rajan et al. 2012). As this species is widely
distributed, one can assume that it should also
occur along the coasts of Pakistan, India and Sri
Lanka. This species can reach relatively large sizes
and may indeed have been a target for ﬁsheries in
that area over many years. Therefore, in order to
implement sustainable management plans, a high pri-
ority should be given to clarify if and where exactly
U. supravittatus and U. vittatus co-occur.
The possible confusion in identiﬁcation between
U. vittatus and U. supravittatus is mirrored by
similar misidentiﬁcations between U. vittatus and
U. suahelicus. This is manifested in the data available
on BOLD, where barcode sequences for specimens of
U. vittatus belong to two distinct BINs (Ratnasingham
&Hebert 2013). Indeed,manyof the publicly-available
U. suahelicus barcodes obtained from BOLD and used
in the present study are identiﬁed as U. vittatus on
BOLD and were re-identiﬁed through examination of
the associated voucher specimens and/or photographs
(electronic vouchers). It is therefore most likely that
the two BINs present in U. vittatus correspond to the
nominal species and U. suahelicus.
Regarding intraspeciﬁc geographic variation, no evi-
dence was found for differences between U. suahelicus
populations from the African coast of the WIO proper
and the Red Sea. This is in contrast to ﬁndings in
recent taxonomic accounts of several other Upeneus
species (e.g. Uiblein & Heemstra 2011a, 2011b;
Uiblein & Gouws 2014). However, as in those pre-
vious studies, the sample size for the Red Sea popu-
lations was very low. The same also applies here for
the differences found among U. supravittatus popu-
lations, which could reﬂect either geographic or size-
related effects. The difference in pectoral ﬁn length
between the Eastern Indian population and those
from the WIO areas is most probably caused by
strong positive allometry during late ontogeny. The
ﬁnding of shorter barbels in the westernmost popu-
lation of U. supravittatus may, however, indicate geo-
graphic differentiation and deserves further study by
integration of reﬁned population-genetic methods.
Many goatﬁsh species undergo considerable
changes in body form, accompanied by shifts in life-
style during ontogeny (Uiblein 1991, 2007; Uiblein
& Gledhill 2015). The small 72 mm SL specimen
of Upeneus vittatus differs only slightly from larger
conspeciﬁcs in several morphometric characters
that have been found to change allometrically in
other Upeneus species (e.g. characters related to
body depth and eye size; Uiblein & Gouws 2014;
Uiblein & Gledhill 2015). For a basic understanding
of body form allometry and associated lifestyle
changes in U. vittatus and the suahelicus group
species, representative samples of all size classes
(including small-sized ﬁsh) will need to be obtained
from distinct populations.
Genetic analysis
Data from the barcoding mitochondrial gene frag-
ment indicated that Upeneus suahelicus and
U. supravittatus formed two separate clades.
However, these clades were not well supported and
divergence among them was shallow. The mean
sequence divergence among the U. suahelicus and
U. supravittatus clades was the lowest observed and
was substantially lower than most interspeciﬁc diver-
gences obtained in the present study, as well as in an
earlier study of Upeneus (Uiblein & Gouws 2014).
This value was also much lower than published
mean interspeciﬁc values from a number of DNA
barcoding surveys of marine ﬁshes (Ward et al.
2005; Mabragaña et al. 2011; Zhang 2011; Weigt
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et al. 2012; Ribeiro et al. 2012), including the Mulli-
dae (Lakra et al. 2011; Zhang 2011; Zhang &Hanner
2012). This value was only marginally lower than
those obtained in the comparison of U. heemstra
and U. tragula in the present study and in Uiblein
& Gouws (2014). However, the range of values
from individual comparisons among the two clades
overlapped with values obtained in the comparison
of the latter species. These species were identiﬁed
and described as distinct taxa on the basis of cumu-
lative genetic evidence (including the extent of
sequence divergence), multivariate morphometrics
and a combination of taxonomic/morphological char-
acters (Uiblein & Gouws 2014). Although the diver-
gence between the U. suahelicus and U. supravittatus
clades is low and similar to certain intraspeciﬁc diver-
gences, several barcoding studies have revealed
equally low divergence values (∼1% or less) among
congeneric species pairs (either in terms of the
ranges obtained in individual comparisons among
specimens or in mean divergence values) (Ward
et al. 2005; Mabragaña et al. 2011; Zhang 2011;
Zhang & Hanner 2012; Weigt et al. 2012; Ribeiro
et al. 2012).
All of the barcoding surveys cited above revealed
species to form distinct, cohesive clusters or units
(i.e. reciprocally monophyletic clades) and to be
characterized by a ‘barcoding gap’ – a notable dis-
parity between divergences among conspeciﬁcs
and among congeneric species. While U. suahelicus
and U. supravittatus superﬁcially form cohesive
units, these taxa are not monophyletic as three indi-
viduals, representing both species, were placed
outside of and in a polytomy with these clades.
Moreover, these three individuals shared a single
haplotype. The ‘barcoding gap’ between these
taxa, excluding these three individuals, was also
slight. Species being para- or polyphyletic or
sharing haplotypes in barcoding surveys are
thought to result from misidentiﬁcation or mislabel-
ling, hybridization and introgression, pseudogenes,
or recent speciation (with the retention of ancestral
polymorphism and incomplete lineage sorting)
(Ward et al. 2005; Hubert et al. 2008, 2012; Mabra-
gaña et al. 2011; Zhang 2011).
Misidentiﬁcation is unlikely in the present case,
given the phenotypic distinction among the species,
the accuracy of identiﬁcations (based on mor-
phology) of those individuals placed within the two
clades, and the apparent geographic circumscription
of the two taxa. Similarly, hybridization and intro-
gression are unlikely. There were no patterns indica-
tive of introgressive hybridization (Hubert et al.
2008) and no evidence of hybridization or introgres-
sion involving individuals placed within the two
clades; the individuals sharing haplotypes fell
outside of these clades. There was also no evidence
of pseudogenes, as these protein-coding sequences
showed no loss of functionality, or the presence of
stop-codons or frame-shifts when translated to
amino acids. The placement of this U. supravittatus
and the two U. suahelicus individuals in the trees
and the central position occupied by the shared hap-
lotype in the parsimony network (which represents an
ancestral haplotype and incomplete sorting of the two
haplogroups) strongly suggest recent speciation. This
is reﬂected by the sharing of haplotypes, the non-
monophyly or incomplete clustering of the two
taxa, the shallow divergence among them, and the
lack of a clear ‘barcoding gap’. This pattern is a popu-
lation-genetic phenomenon, whereby, under coalesc-
ent theory, haplotypes of recently separated species
(aided by potentially large population sizes) coalesce
to a most recent common ancestor (the shared ances-
tral haplotype in this case) that pre-dates the actual
speciation event, causing incomplete lineage sorting
(Van Velzen et al. 2012). This is then reﬂected in
para- or polyphyly and the lack of a ‘barcode gap’
(Van Velzen et al. 2012), with shallow divergences
between taxa reﬂecting their recent separation and
indicating insufﬁcient time for monophyly to be
established (Ward et al. 2005; Hubert et al. 2008).
Such a pattern of haplotypes being shared among
morphologically valid species is not uncommon
(Hubert et al. 2008, 2012; Mabragaña et al. 2011;
Van Velzen et al. 2012) and is well documented in
reef ﬁshes (Victor 2014).
In terms of the speciﬁc geographic patterns of
intraspeciﬁc variation mentioned in the Introduction
and the alpha-taxonomic study, the COI data
revealed no differentiation between U. suahelicus
specimens from the Red Sea and those from the
East African coast, and no evidence of differentiation
among Western Indonesian and WIO specimens of
U. vittatus, as well as no differentiation within the
WIO proper for either species. Indeed, no species
included in the current study showed evidence of a
geographic genetic structure (at least in terms of the
samples included and marker used).
Both the reconstructed trees and the extent of
sequence divergences indicate that U. vittatus is
well differentiated from both U. suahelicus and
U. supravittatus. This supports the clear phenotypic
distinction of this taxon. Cladistic analyses revealed
a closer, sister-taxon relationship among
U. quadrilineatus andU. suahelicus +U. supravittatus,
with U. vittatus sister to this larger clade. Further-
more, the analyses suggest that very few of the mor-
phological groups established by Uiblein &
Heemstra (2010) and Uiblein & Causse (2013) –
to facilitate morphological comparisons among
Upeneus species – are monophyletic, suggestive of
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evolutionary relationships, or valid species com-
plexes. Based on the barcoding data, the vittatus
group appears as both para- and polyphyletic, with
U. quadrilineatus (moluccensis group) nested among
U. suahelicus, U. supravittatus and U. vittatus, and
with U. parvus appearing basally in the phylogeny.
This clearly substantiates the results of the present
alpha-taxonomic study and supports the removal
of U. suahelicus and U. supravittatus (U. indicus is
still pending a genetic study) from the vittatus
group. Similarly, the moluccensis group (represented
here by U. moluccensis and U. sulphureus) and the
tragula group (represented by U. heemstra,
U. margarethae andU. tragula) appear to be polyphy-
letic. However, these results must be regarded as
preliminary, as support for many relationships was
low and these remain to be tested with more com-
plete taxonomic representation and additional data
(both genetic and phenotypic).
Conclusions
This comprehensive phenotypic and genetic approach
integrates alpha-taxonomy and barcoding in a
mutually beneﬁcial way to better understand distinc-
tion and relatedness among species of the genus
Upeneus. While alpha-taxonomy elaborates similarity
based on a large comparative data set, barcoding
explores evolutionary distances towards (re-)assem-
bling species into phenotypically and genetically
coherent units. While only a relatively small number
of species were targeted here, this approach could
also be applied to the other species groups and
species. It will also be important to fully uncover the
diversity within the newly formed groups, inter-
speciﬁcally and intraspeciﬁcally, phenotypically and
genetically, so as to arrive at a more thorough under-
standing of overall diversity and evolutionary differen-
tiation in speciose genera like Upeneus.
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